INTRODUCTION {#sec1-1}
============
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Agenesis of the internal carotid artery (ICA) is a rare congenital anomaly with an incidence of 0.01%.\[[@ref1][@ref2]\] ICA agenesis was first presented by Tode in 1787, on a postmortem examination.\[[@ref3]\] In 1954, Verbiest reported a case with ICA agenesis recognized by cerebral angiography.\[[@ref4]\] The cause of the carotid agenesis is not known, but may be secondary to an insult to the developing embryo.\[[@ref5]\] Most patients are asymptomatic, since collateral blood flow provides sufficient cerebral circulation. Patients may later present with subarachnoid hemorrhage secondary to aneurismal rupture, transient ischemic attack, or cerebrovascular insufficiency.

Collateral flow is most commonly supplied through the circle of Willis, but may also be provided by embryonic vessels or the external carotid artery.\[[@ref6]\] There is a close association with ICA agenesis and intracranial aneurysms.\[[@ref7][@ref8]\] We report a case of left ICA agenesis associated with basilar and left vertebral artery aneurysms.

CASE REPORT {#sec1-2}
===========

A 61-year-old male patient presented with headaches and numbness on the right-side of the face. Physical examination showed high blood pressure (210/90 mmHg). Neurological examination revealed nystagmus and decreased sensation on the right-side of the face. The cranial nerve and cerebellar examination were normal. Non-contrast computed tomography (CT) revealed no infarcted area but showed the aneurysms of the basilar and left vertebral artery. Absence of the petrous part of the left carotid canal was overlooked on the non-contrast CT examination. MR imaging showed two contiguous fusiform basilar artery and one left vertebral artery aneurysms, absence of normal flow-voids in the cavernous and petrous portion of the left ICA, and the petrous carotid canal was atretic. There was a small ischemic area in the left occipital lobe with abnormal diffusion restriction observed as hypointense on T1-weighted and as hyperintense on T2- weighted, FLAIR images \[Figure [1a](#F1){ref-type="fig"},[b](#F1){ref-type="fig"}\]. On the non-contrast CT the ischemic area was not identified because the examination was applied in the first 24 hours after the onset of the symptoms.

![(a) DWI/ADC MR images show restricted diffusion on the left occipital lobe. (b) T2/FLAIR image shows ischemic signal change on the left occipital lobe and basilar artery aneurysm.](JCIS-1-60-g002){#F1}

Computed tomography angiography revealed agenesis of the left ICA and left carotid canal \[[Figure 2](#F2){ref-type="fig"}\]. The caliber of the left common carotid artery (CCA) was diminished and the left CCA terminated in the external carotid artery (ECA), with complete absence of the cervical, petrous, cavernous, and supraclinoid segments of the left ICA \[Figure [3a](#F3){ref-type="fig"},[b](#F3){ref-type="fig"}\]. The right CCA was normal in caliber. Both CT and DSA showed two fusiform basilar artery and one left vertebral artery aneurysms. The left vertebral artery aneurysm was on the distal part of the V4 segment. Bilateral posterior inferior cerebellar arteries (PICA) were normal. One of the basilar artery aneurysm was encountered on the proximal part of the artery before the origin of the anterior inferior cerebellar arteries (AICA). The second aneurysm was found between the origins of the AICA\'s and superior cerebellar arteries. The AICA\'s were normal in caliber \[Figure [4a](#F4){ref-type="fig"}--[d](#F4){ref-type="fig"}\].

![CT through the skull base reveals absence of the left carotid canal and basilar artery aneurysm.](JCIS-1-60-g003){#F2}

![(a) Coronal thick-slab MIP image from a contrast-enhanced CTA shows a diminished caliber of the left CCA, terminating in the external carotid artery. The cervical left ICA is absent. The right CCA is normal in caliber. (b) DSA image shows the absence of the entire left ICA.](JCIS-1-60-g004){#F3}

![(a) DSA image shows two fusiform basilar artery aneurysms and left vertebral artery aneurysm. (b) 3D volume rendered CTA image shows the basilar artery aneurysms. (c) Coronal thick-slab MIP image from a contrastenhanced CTA shows basilar and left vertebral artery aneurysms. (d) Axial thick-slab MIP image from a contrast-enhanced CTA shows prominent PcOA continuing with left MCA.](JCIS-1-60-g005){#F4}

DSA examination demonstrated that the left anterior cerebral artery (ACA) was supplied through a patent anterior communicating artery (ACoA), and the left middle cerebral artery (MCA) was supplied by the basilar artery via the left posterior communicating artery (PoCoA). Collateral circulation between the left ECA and ICA was not encountered \[[Figure 5](#F5){ref-type="fig"}\]. Transcranial Doppler sonography showed increased flow velocity in the left posterior cerebral artery \[[Figure 6](#F6){ref-type="fig"}\].

![DSA image of the left ECA. Collateral circulation was not encountered between left ECA and ICA.](JCIS-1-60-g006){#F5}

![Transcranial color flow Doppler ultrasound shows increased flow velocity in left posterior cerebral artery.](JCIS-1-60-g007){#F6}

DISCUSSION {#sec1-3}
==========

ICA agenesis is a rare congenital anomaly, with an estimated incidence of 0.01%, with more frequent symptom encountered in adults rather than in children or adolescent patients.\[[@ref1][@ref2]\] Relatively few symptomatic cases of absence of the ICA have been reported in children, suggesting that initially the collateral pathways are sufficient to support cerebral perfusion.\[[@ref5]\] This condition is known to occur more frequently in left sided ICA′s. The ratio between right and left ICAs is 1:3.\[[@ref9]\]

Lie\[[@ref5]\] referred to agenesis as a complete absence of the entire ICA and carotid canal. The etiology is not known but may be secondary to an insult to the developing embryo. 'Hypoplasia' describes the condition when a portion, or remnant, of the artery is present and when the initial segment of the ICA artery is normal in size.\[[@ref5]\]

The ICAs are derived from portions of the first and third aortic arches and paired dorsal aorta, when the embryo has attained the 3-mm stage.\[[@ref10]\] The roots of the ICAs are formed from the third aortic arches. The dorsal aorta form the intermediate portions of the ICAs, and the distal part of the ICAs are formed from the first aortic arches.\[[@ref5][@ref6]\] Agenesis of the ICA depends on the abnormal regression, involution or atresia of the first and third aortic arches and dorsal aorta in the 20-24-mm embryonic stage. The ECA\'s arise from aortic sacs and migrate up to the third arches. The portions of the third arches proximal to the ECAs become the CCAs.\[[@ref8]\] Although the ICA originates from the third and first aortic arch, the origin of the CCA and ECA remains controversial. Some investigators argue that both the proximal ICA and the ECA arise jointly from the third aortic arch, and thus agenesis of the ICA should be accompanied by absence of the ipsilateral ECA. Others argue that the ECA and CCA can develop normally in the setting of ICA agenesis, as the former arises independently from the aortic sac. The latter seems more plausible, as numerous cases of ICA agenesis exist in the literature with normally developed ECA systems.\[[@ref5][@ref6][@ref11]\] The carotid canal develops in association with the ICA. The skull base does not begin to form until the 5th to 6th weeks of fetal life. If the embryonic primordium of the ICA fails to develop before the 3rd and 5th embryonic weeks, the ICA and the carotid canal cannot develop.\[[@ref12][@ref13]\]

Collateral circulation accompanying ICA agenesis can be classified into three forms; 1) through the circle of Willis, 2) persistent embryonic vessels, 3) transcranial anastomosis from the ECA.\[[@ref8]\] Tsurata et al,\[[@ref14]\] proposed three types of collateral channels via the circle of Willis. In Type I, the ipsilateral ACA is supplied by the contralateral ICA, opposite to the ICA agenesis, via the ACoA. The MCA is supplied by the basilar artery via the PoCA. In Type II, the ipsilateral ACA and MCA are supplied by the contralateral ICA via patent ACoA. In Type III, ipsilateral ACA and MCA are supplied by the transcranial anastomoses that develop from ECA or contralateral ICA or primitive vessels. In our case, Type I anastomosis was determined by CT and angiographic examination.

Patients with agenesis of the ICA are often asymptomatic because of the collateral pathways. However, patients may present with headaches, seizures or neurological deficits secondary to cerebral ischemia, or intracranial hemorrhage.\[[@ref8]\] Our patient had nystagmus and decreased sensation on the right-side of the face. There was a small ischemic area in the left occipital lobe with abnormal diffusion restriction observed as hypointense on T1-weighted and as hyperintense on T2-weighted, FLAIR images. On DSA there was not any occlusion of the cranial vessels. The ischemic area may be due to thromboembolic event or microangiopathic changes.

Diagnosis of ICA agenesis entails documenting the absence of the ICA by conventional angiography, MRA or MSCT angiography, and the absence of the carotid canal by CT. Collateral flow is most commonly supplied through the circle of Willis, but may be also provided by embryonic vessels or the external carotid artery.

Intracranial vascular anomalies can be associated with ICA agenesis. The incidence of intracranial aneurysm in association with ICA agenesis has been reported in 25-43% of the patients, which is much higher than that found in general population, 2-4%.\[[@ref7][@ref8]\] Two mechanisms have been postulated to explain this strong association between ICA agenesis and intracranial aneurysm; 1) the aneurysm may develop secondary to hemodynamic derangement, or 2) the aneurysm may form during embryonic life because of a developmental error. The first mechanism might be attributed to the increased hemodynamic load on the normal side vessels. Lee et al.\[[@ref8]\] reported that in their series of six patients, aneurysms arose ipsilateral side to the aplasic ICA, supporting a congenital origin as opposed to hemodynamic factors. The fusiform basilar and left vertebral artery aneurysms in our case may have arisen secondary to hemodynamic stress on the vertebral and basilar artery by supplying the left middle cerebral artery via the PCoA. The increased flow velocity in the left posterior cerebral artery might reflect the increased hemodynamic stress placed on the posterior circulation.

Uni- or bilateral ICA agenesis associated with basilar artery aneurysm has been published in the literature. Elazab et al\[[@ref15]\] reported a 2-month-old baby presented with right oculomotor nerve palsy associated with right ICA agenesis and basilar artery aneurysm. Lee et al\[[@ref8]\] presented one case of basilar artery aneurysm and hypoplasia of bilateral ICA on a review of nine patients with ICA agenesis-hypoplasia.

Our patient has no complaints at present and is being followed up with periodic physical and neurological examination.

CONCLUSIONS {#sec1-4}
===========

ICA agenesis is a rare vascular anomaly and is typically discovered incidentally as patients are often asymptomatic. Congenital absence of the ICA is associated with a higher incidence of aneurysm formation. Patients with ICA agenesis or hypoplasia should therefore undergo evaluation for the presence of intracranial aneurysms. Patients may present with cranial nerve deficits, cerebral ischemia, or subarachnoid hemorrhage secondary to complications of associated aneurysm formation. This rare anomaly must be distinguished from ICA stenosis or occlusion. The collateral circulation should also be documented by conventional angiography, particularly prior to carotid endarterectomy, transsphenoidal hypophyseal surgery or inducing hypotension. Collateral flow is most commonly supplied through the circle of Willis, but may be also provided by embryonic vessels or the external carotid artery.
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